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ON SUPPOSED REGIONAL VARIAT IONS IN  TRAVEL  T IMES*  
By B. GVTENBE~G 
IN TWO RECENT PAP:ERSI'3 t J. B. Macelwane has expressed the idea that "the 
difference between the travel-time curves of individual earthquakes of the same 
focal depth but in different regions may be much greater than the differences 
between our present average curves" and therefore that "it would follow that 
all our energies hould be concentrated on the intensive study of individual 
earthquakes, m The travel times of P of two Sumatra shocks of 1931 and of a 
large Solomon Islands shock of that same year, s and the travel-time curves of 
the P waves of the Long Beach earthquake 8 and of the Baffin Bay earthquake, 9 
agree within their limits of error with the travel-time curves published by 
Gutenberg and Richter. 7 Furthermore, the travel-time curves last mentioned 
agree with the travel-time curves published by Jeffreys and Bullen, I° in general 
within one second, and only at distances about 45 ° is the difference as large as 
two seconds, n As these two sets of curves have been found in quite different 
ways and by using completely different data, there seems to be no doubt that, 
at least for large parts of the earth's crust, the travel times of the P waves agree 
within the limits of error. 
Unfortunately, various zero points have been used for the travel-time curves. 
This explains in part the differences found by various authors, as some of them 
doubtless are not clear about the facts. The author of this paper has always 
preferred the origin time O, that is, the time at which the movement begins at 
the origin, the hypocenter. This moment is sometimes called "hypocentral 
t ime." After a certain time interval, which depends on the local structure and 
the depth of focus, the first longitudinal waves arrive at the surface. This mo- 
ment is the "epicentral t ime." I t  is about 2 seconds later than the origin time 
if the shock starts at a depth of 10 kin., and about 4 seconds later for a focal 
depth of 25 km. 
Quite different from both is the zero moment chosen by JeffreysJ °,12 He 
traces the travel-time curve Pn, which is almost a straight line, back to the epi- 
central distance 0 and reckons the travel time of P from this moment, thus 
eliminating the effect of local structure. The difference between his zero time 
and the origin time depends on the local structure and the depth of focus. The 
zero time of the travel-time curves of Gutenberg and Richter is about 6 seconds 
earlier than that of Jeffreys and Bullen. TM I t  is of importance to realize that 
Jeffreys has a different zero point for his S curve: Similar to his procedure with 
respect o P, he traces the Sn curve back to the epicentral distance 0 and takes 
this moment as the zero point for the travel time of S. His travel times of S, 
therefore, have a zero point which is about 10 seconds later than the one taken 
by Gutenberg and Richter. As a consequence, his calculated values pTs TM do 
* Manuscript received for publication September 4, 1937. 
Superior figures refer to bibliographical references at the end of this paper. 
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not give the actual values of S-P ,  but are smaller than these by a constant 
which depends on the depth of focus and which is about 4 seconds for a focal 
depth of 25 km. 
It is a well-known fact that there are differences in the uppermost parts of 
the earth's crust in different regions, especially between the bottom of the Pa- 
cific Basin and other parts of the earth's crust. These differences, however, 
except for epicentral distances of a few degrees, do not affect the travel times 
by more than one or two seconds, when shocks with equal depths of focus are 
investigated. 
An exception appears to be the Tango earthquake ofMarch 7, 1927. According 
to Macelwane and Dahm, ~ the P curve of this shock shows maximum devia- 
tions of almost 6 seconds at a distance of 65 °, about 4 seconds at 20 °, and -2  
seconds at 10 °, and from 30 ° to 35 ° as compared with the Jeffreys-Bullen curve, 
and therefore about the same against he Gutenberg-Richter curve. The raaxi- 
mum difference against he P curve of the Long Beach earthquake is given by 
Macelwane 2 as about 9 seconds at a distance of 18 °. 
This shock has been investigated by many authors, especially by E. A. 
Hodgson. I shall refer only to the following determinations of its epicenter and 
origin time :
Author 
T .  Ma~uzawata . . .  
Int. Seismol. Summary1% 
E. A. Hodgson 14,1~ 
E. A. Hodgson 17 
E longitude 
135003 ' 
134.8 
134°58~2 
134°58!2 
N lat itude 
35°38 ' 
35.7 
35°36~4 
35°36!4 
Origin t ime 
9h27m36. 
9 27 35 ~ 
9 27 44 
* This t ime is called "t ime at origin" in the second paper, 1~ whereas ttodgson refers to it as "epieentral t ime" 
in the third. TM 
Although the epicenters found for this shock agree fairly well, there is appar- 
ently some doubt about the origin time. For this reason it seemed advisable to 
the author to reexamine the data for this shock, by using the methods pub- 
lished recently by Gutenberg and Richter. 2° 
Table 1 contains data of most of the stations up to a distance of 82 ° (begin- 
ning of SKS), and a few beyond that, as published by the International Seis- 
mological Summary. 1" In this table are given the azimuths of the stations at 
the I. S. S. epicenter, the distances from that epicenter, and the observed 
travel times for P and S, all as given by I. S. S. However, where the times mea- 
sured by Hodgson differed from the station reports as given by I. S. S., the 
latter have been replaced by the travel times taken from Hodgson's measure- 
ments but using the origin time of I. S. S. The next column gives the differences 
S-P  which correspond to the two preceding columns, and the following the 
corresponding P -0 .  This has been calculated from table 45 in "Materials for 
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TABLE 1 
Station 
Zikawei. 
Ootomar i . . .  
t tongkong.  
Manila.  
I rkutsk . .  
Dist. Azim. P S S- -P  P - -O  O 
(deg,) (deg.) (min,:sec,) (min.:sec.) (min.:sec.) (min.:sec.) (sec.) 
12.0 252 3:01 5:33 2:32 3:12 --11 
12.4 26 3:07 5:24 2:17 2:54 13 
22.4 239 5:10 
24.5 214 5:22 9:56 4:34 5:39 -- 17 
27.1 317 5:49 10:31 4:42 5:48 1 
,~p Ap -- z~ 
(deg) ((leg.) 
12.1 0.1 
12.5 O.1 
22.9 0.5 
24.1 -0 .4  
27.O -0 .1  
Baku 64.3 303 10:45 19:28 8:43 10:51 -- 6 64.6 0.3 
Kucino. 64.7 322 10:46 19:26 8:40 10:48 - 2 64.7 0 0 
Pulkovo 66,2 328 10:52 19:41 8:49 10:59 - 7 65.7 -0 .5  
Leningrad_ 66,2 328 10:55 19:44 8:49 10:59 - 4 66.2 0,0 
Tiflis 67.2 306 11:00 19:56 8:56 11:07 - 7 66.9 -0 ,3  
Suva. 67.8 136 11:12 68.7 0.9 
1VIakeevka 68,3 314 11:09 20:07 8:58 11:10 - 1 68.3 O.0 
Helsingfors . . . .  68.3 330 11:04 20:04 9:00 11:12 - 8 67.5 -0 .8  
Adelaide. . .  70.8 177 11:23 20:36 9:13 11:27 - 4 70.6 -0 .2  
Victoria. 71.0 43 11:24 20:43 9:19 11:34 -10  70.8 -0 .2  
Riverview 71.2 167 11:26 20:39 9:13 11:27 - 1 71.2 0.0 
Sydney. 71.2 167 11:30 20:48 9:18 11:33 - 3 71.9 0.7 
Upsala 71.5 332 11:23 20:42 9:19 11:34 -11  70.6 -0 .9  
K6nigsberg.  73.4 327 11:36 21:00 9:24 11:39 -- 3 73.0 -0 .4  
Copenhagen . . . . . . .  76.3 330 11:56 21:41 9:45 12:01 -- 5 76.5 0.2 
Ksara .  77.3 303 12:02 21:53 9:51 12:07 -- 5 77.4 0 1 
Berkeley 77.5 52 12:02 21:55 9:53 12:09 - 7 77.4 -0 .1  
Lick, .. 78,3 52 12:09 22:10 10:01 12:16 - 7 78.7 0.4 
Potsdam.  78,4 328 12:09 22:02 9:53 12:09 0 78,7 0,3 
Hamburg  78.8 330 12:04 22:07 10:03 12:18 -14  77.8 --1,0 
Sverdlovsk 52.4 319 9:14 16:44 7:30 9:22 - 8 51,8 -0 .6  
Hyderabad.  52.8 267 9:25 16:56 7:31 9:23 2 53.4 0.6 
Bombay.  56.6 271 9:47 17:40 7:53 9:47 0 56.3 -0 .3  
Colombo. 57.8 255 10:04 18:04 8:00 9:55 9 58.6 0.8 
Honolulu.  59.6 85 10:20 18:28 8:08 10:07 13 60.9 1.3 
Phu Lien 28.8 246 6:08 10:49 4:41 5:47 21 29,2 0.4 
Calcutta.  42.3 267 8:03 14:09 6:06 7:42 21 42,5 0.2 
Simla . . . .  47.6 281 8:48 15:48 7:00 8:52 - 4 48.2 0.6 
Batavia.  49.5 220 8:57 16:11 7:14 9:17 -20  49,4 -0 .1  
Tashkent .  50.4 298 9:05 16:20 7:15 9:18 -13  50,6 0.2 
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TABLE 1--(Concluded) 
Station 
Budapest. 
Praha 
Wien. 
Beograd. 
Cheb. 
Graz. 
De Bilt. 
Feldberg. 
Wellington. 
Tucson. 
Algiers. 
Cartuja.. 
Fordham 
Dist. 
(deg.) 
78,9 
79,4 
79.7 
80,0 
80.3 
80.9 
81.8 
81.9 
.. 85.3 
88.3 
94.8 
97.5 
99.0 
Azim. 
(deg.) 
322 
324 
324 
320 
326 
323 
331 
329 
150 
50 
323 
328 
22 
P 
(rain. :sec.; 
12:10 
12:13 
12:14 
12:16 
12:18 
12:22 
12:26 
12:27 
12:44 
12:56 
13:28 
13:42 
13:41 
S 
(min. :sec.) 
22:17 
22:15 
22:19 
22:28 
22:23 
22:32 
22:38 
22:40 
S--P 
(min. :see.) 
10:06 
10:02 
10:05 
10:12 
10:05 
10:10 
10:12 
10:13 
P-O 
(rain. :sec.) 
12:20 
12:17 
12:20 
12:26 
12:20 
12:24 
12:26 
12:27 
0 
(sec.) 
- -9  
- -4  
- -6  
--i0 
- -2  
- -2  
0 
0 
Ap 
(deg.) 
79.2 
79.4 
79.6 
80.0 
80.4 
81.2 
82.0 
82.2 
85.6 
88.0 
95.0 
98.2 
98.0 
Ap -- A 
(deg.) 
0.3 
0.0 
-0.1 
0.0 
0.1 
0.3 
0.2 
0.3 
0.3 
--0.3 
0.2 
0.7 
--I .0 
the Study of Deep-Focus Earthquakes," by Gutenberg and Richter. 21 This 
table begins with an S -P  of one minute. The following corresponding values 
of S -P  and P -0  have been added for normal depth of focus: 
S -  P 10 20 30 40 50 seconds 
P -  0 14 27 39 52 65 seconds 
The ratio (P -  O) / (S -P )  depends only on Poisson's Ratio, not on the absolute 
values of the velocities and, therefore, this method of finding O depends very 
little on the local structure. The column headed O in table 1 gives the origin 
time calculated from the data of each station by subtracting the value for P -  O 
in column 6 from the travel time of P (column 4) from the origin time of I. S. S. 
The average of these origin times is -3  seconds. However, as has been pointed 
out, 2° the value for the origin time found in this way from teleseismie records is 
usually 6 seconds too early, partly because S is frequently measured too late, 
partly because of the incorrectness of table 45 used for the calculation. This 
table 45 is to be improved in a paper not yet finished. 
Thus we find as the most probable origin time of the Tango earthquake: 
9h27m36 s + 3 s = 9h27m39t The column headed "Ap" of table 1 gives the dis- 
tance found by using table 1 of Gutenberg and Richter 2° for a normal earth- 
quake. Finally, the last column gives the differences of the distance found in 
this way minus the distance given by I. S. S. These differences have been 
plotted in figure 1 as a function of the azimuth. As may be seen, the residuals 
are about the same irrespective of the azimuth, indicating that the assumed 
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epicenter is not incorrect by more than about ]/~ degree. There seems, however, 
to be a slight predominance of positive values in the neighborhood of 320 °, ap- 
parently indicating the necessity of a slight shift, to the southeast, of the epi- 
center adopted by I. S. S., which would bring it very close to the epicenter 
found by Hodgson. 
In a similar way the values published by Matuzawa 13 for the near-by Japan- 
ese stations have been used. In table 2a the values are given for distances up to 
0 ° 
x 
x 
x 
x 
x 
X 
X 
X 
x x 
x 
x 
X J( XXX 
x X 
x 
X 
X 
x 
X 
90 = 180 ° 270  = ~ o~ 
Fig. 1. Differences A~- -A  (last column of table 1) as functions of azimuth. 
360 ° 
3 ° as in table 1, except (1) that the time found just above, 9h27m39 ~,has been 
taken as origin time, and (2) that the epicenter is that adopted by Matuzawa. 
The column "0"  gives the residuals referred to 9h27m39 ~as origin time. As 
their average is zero, it shows that the origin time as adopted is very closely 
correct. It scarcely could be wrong by 2 seconds; for under this assumption the 
residuals given in the last columns of tables 1 and 2 would change systematicaly 
with the distance, and this does not occur. The rest of data of the Japanese 
stations for distances beyond 3 degrees are given in table 2b. No use has been 
made of the S phases for these larger distances, as it is not accurate nough, 
owing to the small amplitude of Sn at these distances. Figure 2 shows the re- 
siduals in distance (similarly to fig. 1) for the near-by stations; again there are 
no large systematic errors. Probably a shift of the epicenter assumed by Matu- 
zawa, which has been used in figure 2, by 071 toward the west, corresponding 
to the prevailing small positive residuals near A = 90 °, would improve it some- 
what. In this way we find again that the epicenter assumed by Hodgson is 
probably the best and can hardly be wrong by more than 15 km. 
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TABLE 2a 
Station Azim. Dmt. P S--] P--O O A Ap--A 
(deg.) (deg,) (sec.) (sec, (sec.) (sec.i (deg.) (deg.) 
Miyazu. 
Toyooka. 
Ky6to, 
KSbe. 
Osaka 
Hikone 
Hukui 
Yagi. 
]umoto.. 
Okayama. 
Gihu. 
Wakayama 
Sakai. 
Wu. 
Nagoya 
Tokusima. 
Tadotu. 
Takayama . . . .  
Husiki..  
Hirosima. 
Sisakasima, 
Ni ihama ... .  
I ida 
Siomisaki 
K6ti . .  
Kure. 
Matumoto.  
Hamada.  
Matuyaraa. 
Nagano.. 
Kohu. 
Takada. .  
140 0,2 6 0.2 0.0 
260 0,2 6 3 7 --1 0.2 0.0 
140 0.8 I 18 15 21 --3 0.9 0.1 
170 1.0 19 1.0 0.0 
160 1.0 18 17 24 --6 0.9 --0.1 
100 1.0 21 18 25 --4 1.1 0.1 
70 1.1 20 17 24 --4 1.1 0.0 
150 1.3 24 16 23 1 1.3 0.0 
190 1.3 19 18 25 --6 1.0 --0.3 
220 1.3 30 18 25 5 1.7 0.4 
90 1.4 22 20 27 --5 1.2 --0,2 
180 1.4 26 20 27 -1  1.5 0.1 
270 1.5 24 13 19 5 1.3 --0.2 
140 1.5 28 1.6 0.1 
100 1.6 31 25 33 --2 1.7 0.1 
200 1.6 40 23 31 9 2.4 0.8 
220 1.7 39 2.3 0.6 
70 1.9 26 20 27 --1 1.5 --0.4 
50 2.0 37 24 32 5 2.2 0.2 
250 2.1 30 1.7 --0.4 
230 2.2 26 1.5 --0.7 
220 2.2 25 1.4 -0 .8  
90 2.3 30 30 39 -9  1.7 -0 .6  
170 2.3 51 30 39 12 3.2 0.9 
210 2.4 39 34 44 --5 2.3 -0 .1  
240 2.5 53 3,3 0.8 
80 2,5 48 3_0 0.5 
260 2,5 40 29 38 2 2.4 --0.1 
230 2~ 6 49 36 47 2 3.0 0.4 
60 2.7 46 2.8 0.1 
90 2.9 61 3.8 0.9 
60 3.0 52 37 48 4 3.3 0.3 
F ina l ly ,  tab le  3 gives the  t rave l  t imes  for  P for  those  s ta t ions  wh ich  have  
been found by  Hodgson to  have  c lear  records  of P. Al l  data  wh ich  he  has  put  in  
parentheses ,  ind icat ing  some doubt ,  have  been omi t ted ,  except  that  for  Sverd -  
lovsk  the  t ime repor ted  by  the  s ta t ion  has  been re ta ined .  The  d is tances  are 
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343 
Station 
Numadu. 
V[aebasi. 
Kumagai. 
)oita. .  
Yokohama. 
gokosuka. 
EIong6.. 
F6kyS.. 
Niigata. 
Vlera. 
Utunomiya. 
rukuba. 
Kakioka. 
Hukuoka. 
.Viito 
Kumamoto. 
Miyazaki 
ry6si. 
Unzen. 
Izuhara.. 
Husan.. 
Yamagata 
Nagasaki. 
Sendal. 
~aga. 
Kagosima . . . . .  
Akita. 
Isinomaki. 
Mizusawa... 
Morioka. 
Zinsen... 
[-Iakodate... 
Sapporo. 
0bihiro. 
Asahigawa .
Kusiro. 
Titizima. 
Dairen 
Nemuro. 
0otomari. 
Azim_ Dist. P 
(deg.) (deg.) (rain. :see.) 
100 3.2 0:53 
80 3.4 0:56 
80 3.6 1:00 
240 3.7 1:00 
90 3.8 1:08 
90 3,8 1:08 
90 3,9 1:04 
90 3.9 1:03 
50 4.0 0:57 
100 4.0 1:08 
80 4.0 1:19 
80 4.2 1:09 
80 4.3 1:07 
230 4.3 1:04 
80 4.5 1:11 
230 4.5 1:16 
220 4.7 1:19 
90 4.8 1:12 
230 4.9 1:21 
250 4.9 1:11 
260 4.9 1:10 
60 5.0 1:19 
230 5.2 1:27 
60 5,4 1:21 
240 5.5 1:21 
220 5.5 1:24 
50 5.7 1:27 
60 5.7 1:29 
50 6.0 1:34 
50 6.3 1:35 
290 7.0 1:44 
40 7.6 1:56 
40 8.9 2:08 
40 9.7 2:20 
40 9.9 2:26 
40 10,2 2:28 
140 10.4 2:45 
290 11.2 2:33 
50 11.2 2:41 
30 12.7 3:04 
Ap 
(deg.) 
3.3 
3.6 
3.8 
3.8 
4.3 
4.3 
4.1 
4.0 
3.6 
4.3 
5.1 
4.4 
4,3 
4.1 
4.6 
4.9 
5.1 
4.6 
5.3 
4.6 
4.5 
5.1 
5.7 
5.3 
5,3 
5.5 
5.7 
5.8 
6.2 
6.3 
6.9 
7,8 
8.6 
9.5 
9.9 
10.1 
11.2 
10.4 
10.9 
12.6 
(deg.) 
0.1 
0.2 
0,2 
0,1 
0,5 
0.5 
0.2 
0.1 
-0 .4  
0.3 
1.1 
0.2 
0.0 
--0.2 
0.1 
0.4 
0.4 
-0 .2  
0.4 
--0.3 
-0 .4  
0.1 
0.5 
--0.1 
-0 .2  
0.0 
0.0 
0.1 
0.2 
0.0 
-0 .1  
0.2 
--0.3 
--0.2 
0.0 
--0.1 
--0.2 
--0.8 
--0.3 
-0 .1  
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TABLE 3 
Station 
Kobe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sumoto  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K6t i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nagano . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T6ky6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M izusawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hakodate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Man i la  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I rkutsk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Batav ia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sverd lovsk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Baku  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kuc ino  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ab isko  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pu lkovo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Makeevka  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KSn igsberg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Copenhagen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
:Ksara  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Berke ley  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Le ipz ig  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G6t t ingen,  . : . . . . . . . . . . . . . . . . . . . . . . . . .  
Eger  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Graz  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
De  B i l t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fe ldberg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Munchen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
He ide lberg  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l - Ie lwan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I nnsbruek  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S tonyhurs t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Uee le  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t rasbourg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kew . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Besan~on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i renze  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Par i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Roeca  D i  Papa  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tucson  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A lg ie rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
To ledo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Car tu ja  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dist. 
degr. 
0.9  
1 .3  
2 .4  
2 .8  
3 .9  
6,0 
7,6  
24 .5  
27 ,3  
49 .5  
52 .6  
64 .5  
64 .8  
65 .9  
66 .1  
68 .1  
73 .6  
76 .4  
77 .4  
77 .6  
79 .6  
80 .5  
80 .5  
81 .2  
82 .0  
82 .1  
82 .2  
82 .6  
82 .9  
83 .0  
83 .3  
83 .3  
83 .6  
84 .5  
85 .4  
85 .6  
85 .6  
86 .4  
88 .3  
94 ,9  
95 .6  
97 .7  
Travel  t,ime of P in rain. :see. 
observed calculated 
0:19 0:19 
0:25 0:24 
0:41 0:40 
0:46 0:46 
1:02 1:03 
1:34 1:31 
1:56 1:54 
5:19 5:22 
5:46 5:48 
8:54 8:54 
9 : ]5  9:16 
10:42 10:41 
10:43 10:43 
10:47 10:49 
10:49 1051 
11:06 11:04 
11:33 11:34 
11:53 11:51 
11:59 11:57 
11:59 11:58 
12:09 12:10 
12:14 12:14 
12:15 12:14 
12:19 12:18 
12:33 12:22 
12:24 12:23 
12:24 12:23 
12:26 12:25 
12:28 12:27 
12:25 12:27 
12:25 12:28 
12:27 12:28 
12:30 12:30 
12:35 12:35 
]2:41 12:39 
12:43 12:40 
12:41 12:40 
12:39 12:44 
12:53 12:53 
1B:25 13:24 
13:31 13:27 
13:39 13:36 
obs.-calo. 
O' 
1 
1 
0 
1 
3 
2 
--3 
--2 
0 
-1  
1 
0 
-2  
-2  
2 
- -1  
2 
2 
1 
- -1  
0 
1 
1 
1 
1 
1 
1 
1 
- -2  
- -3  
- -1  
0 
0 
2 
3 
1 
- -5  
0 
1 
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Fig. 2. Differences Ap-  A (last columns of tables 2a and 2b) as functions of azimuth. 
those given by Hodgson; the origin time is the one found in this paper (9h27 m 
39~).The third column contains the travel times which correspond to the trav- 
el-time curves of Gutenberg and Richter 7 for the given distances. The last 
column, finally, contains the residuals, and there is no doubt that these are 
within the limits of error to be expected for the stations in 1927. In figure 3 the 
+5 s 
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.5  s 
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0 ° 50  = 60  '= - - -~  A 90  = 
Fig. 3. Observed travel times of P minus travel times from the Gutenberg-Richter 
table 7 for the Tango earthquake (crosses) and the Long Beach earthquake (dots). 
residuals of the P waves of the Tango earthquake (crosses) and of the Long 
Beach earthquake (dots) against he values given by Gutenberg and Richter 7 
are plotted together. Neither in this figure nor in tables 1-3 is there any indica- 
tion that the P waves of the Tango earthquake had travel times different by 
more than a second or two, either from the shocks investigated in detail in 
various publications or from the travel-time curves published by Gutenberg 
and Richter or by Jeffreys and Bullen. 
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The P waves of the Tango earthquake are not very favorable to the construc- 
tion of a new travel-time curve, for two reasons. First, as already stated by 
Hodgson, 22 there are large ranges of distances with very few observations. 
Second, it is evident from figures 1 and 2 that the scattering of the residuals is 
slightly larger than usual in recent shocks and that for this reason and the un- 
usually large number of doubtful beginnings, as marked by Hodgson, the P 
waves of the Tango earthquake cannot be considered as among the best ob- 
served. This had been found already by Jeffreys and Bullen, 23 who have there- 
fore rejected the data. 
SUMMARY 
An investigation of the Tango earthquake of March 7, 1927, shows that travel 
times for P observed in that shock agree within the limits of error of one or two 
seconds with the travel times found for other earthquakes and that thus far 
there is no indication of differences beyond the limits of observational errors 
between the travel-time curves of earthquakes in different regions. This state- 
ment, however, does not include the travel times to short epicentral distances 
of a few degrees found in various regions which are influenced by the local 
structures in those regions, and especially not to the travel times found from 
waves which have traversed only the uppermost parts under the Pacific Ocean. 
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